A new RNA polymerase was found in a rat mitochondrial extract. This enzyme showed strong template preference 1n vitro for the supercoiled recombinant plasmid consisting of pBR322 and thT D-loop region of rat mtDNA carrying the origin of heavy-strand replication. The main products synthesized by the D-loop region were two RNAs of different sizes. Both of these products were light-strand products transcribed from the region upstream from the origin of replication. This specific transcription is discussed in relation to initiation of primer RNA synthesis for heavy-strand replication of rat mtDNA.
lication origin and various genes, we subcloned the BamHI fragment of EcoA containing the region of replication origin into pBR322 and examined the RNA synthesizing activity of the mitochondrial lysate using a recombinant plasmid as template.
In the present experiments we found a new RNA polymerase in rat mitochondria and partially purified and characterized. The partially purified enzyme had strong template preference for the supercoiled recombinant plasmidcontaining the non-coding region around the heavy-strand replication origin. Two RNAs of different sizes were synthesized in the J_n_ vitro reaction system using this partially purified enzyme and the supercoiled recombinant plasmid as a template. The location of the template region for these RNAs was determined. The possible function of their transcription is discussed in relation to primer RNA synthesis for replication of heavy-strand DNA.
MATERIALS AND METHODS Cloning and preparation of DNA templates
The cloning of EcoRI fragments of rat mtDNA in bacteriophage X has been described (8). The plasmid pMTal was constructed by the insertion of the 2.9 kb BamHI fragment from the cloned EcoA fragment into pBR322. The insert of pMTal was further digested by Hpall, and the resulting Hpa5 fragment was subcloned into the Clal site of pBR322. This plasmid was named pMTah5. The plasmid pMTcl was constructed by insertion of a 1.3 kb Hindm fragment from the cloned EcoC fragment. Construction of the template plasmids is shown in Fig. 1 .
Supercoiled plasmid DNA was purified from £. coli HB1O1 lysate by CsCl/ ethidium bromide density gradient centrifugation (9) and agarose gel electrophoresis. Work on the recombinant plasmids was carried out at the P-2 level of physical containment.
Preparation of two different RNA polymerases from mitochondrial extract
The mitochondria fraction from the liver of young rats was prepared as described previously (10). Mitochondria were disrupted by sonication and extracted for 30 min at 4°C with TED buffer (50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 1 mM DTT) containing 1 M NaCl and 0.3 % Triton X-100. Then the suspension was centrifuged at 105,000 g for 30 min and the supernatant was diluted to 0.32MNaCl and loaded onto a DEAE-cellulose column to remove DNA. The flow-through fraction was dialysed against TEDG buffer (50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 1 mM DTT, 10 % glycerol) containing 25 mM NaCl and applied to a single-stranded calf thymus DNA-cellulose column. Material was eluted from the column stepwise with 10 column volumes of buffer C containing 0.05 M, 0.1 M, 0.3 M and 0.5 M NaCl, respectively, RNA synthesizing activity was assayed using recombinant plasmid pMTal as template. In all preparations the purification obtained was approximately 500 fold from the supernatant. The DNA cellulose fraction is relatively stable for at least a few months at -80°C. Details of the purifications of these enzymes will be published elsewhere.
In vitro transcription and product analysis
For assay of RNA polymerase activity, the reaction mixture (60 yl) contained 50 mM Tris-HCl, pH 8. 
RESULTS

Identification of two distinct RNA polymerase activities in mitochondria
Two peaks of RNA synthesizing activity were separated by single-stranded DNA-cellulose column chromatography, as shown in Fig. 2A : peak I was eluted with 0.3 M NaCl, and peak II with 0.5 M NaCl. No additional activity was detected on elution with a higher NaCl concentration. No other RNA polymerase activity has yet been reported except one mitochondrial RNA polymerase that was previously isolated from Xenopus laevis and shown to be responsible for the major RNA transcription of mtDNA (16). So we examined whether the two peaks of RNA polymerase activity had the same or different enzymatic properties.
First, we tested template preferences of these activities using native and denatured pMTal DNA. The activity of the peak I fraction appeared to be the same with heat-denatured and native pMTal DNA as templates. In contrast, the peak II fraction transcribed native pMTal DNA preferentially (F1g. 2B). These results indicated that these two RNA polymerases differed in their recognitions of the template conformation of plasmid pMTal DNA. The effect of the DNA concentration of the template pMTal on the enzyme activities was also tested.
The peak I enzyme gave a hyperbolic saturation curve of activity against DNA concentration, whereas, the peak II enzyme showed a peak at an optimal DNA concentration (Fig. 2C) . The effect of salt concentration on the enzyme activity was also tested. The peak I enzyme lost 85-90 % of its original activity in the presence of 80 mM NaCl, but the peak II enzyme was relatively resistant and its optimal NaCl concentration was about 50 mM (data not shown). Therefore, the two RNA polymerases differed in sensitivity to salt and in dependency on the template DNA concentration. The peak I RNA polymerase may be identical with that previously known as the mitochondrial RNA polymerase responsible for the major transcription of mtDNA (see DISCUSSION). On the other hand, the peak II RNA polymerase may only recognize the native conformation of pMTal DNA.
Template preference of the peak II RNA polymerase As the peak II RNA polymerase appears to recognize the conformation of the template DNA, the template activities of various forms of plasmid DNA were tested (Fig. 3) . Supercoiled pMTal DNA was found to be most efficient, whereas the EcoRI/BamHI digested insert of pMTal DNA was not effective at all. The vector pBR322 DNA alone, even 1n the supercoiled form, was not transcribed. Decrease in enzyme activity was observed during the incubation, probably because of gradual loss of the supercoiled molecule resulting from the contamination of the reaction mixture with endonuclease. Thus the transcriptional activity of the peak II enzyme is solely dependent upon the supercoiled structure of pMTal DNA. From these observations, we conclude that the peak I and peak II polymerases differ in enzymatic function. The peak II RNA polymerase, seems to be a new type of RNA polymerase of mitochondria.
In vitro transcripts of peak II RNA poi.ymerase When the peak II RNA polymerase was incubated with supercoiled pMTal DNA RNA polymerase activity of the peak II fraction was assayed with different template DNAs. pMTal and pBR322 were used in the supercoiled form. Insert and vector were prepared by EcoRI/BamHI digestion of pfTTal. pMTal, 10 pg/ml (o); pBR322, 10ug/ ml (•); pMTal insert, 4 pg/ml (A); vector, 4 ug/ml (A). The optimal concentration of each template was used for activity assay. TIME in the presence of [a-P]UTP, NTPs and necessary cofactors, the incorporation manifested specific characters of synthesis of RNA as described above. There-32 fore, the [ P]-labelled transcriptional products of pMTal DNA were extracted with phenol and subjected to electrophoresis on 8 % polyacrylamide gels containing 7 M urea (13). As shown in F1g. 4A, the electrophoretic pattern of RNA products Indicated that variously-sized RNAs were synthesized under NaClfree conditions, but the pattern changed with increase in the NaCl concentration in the reaction mixture. The patterns showed that two RNA transcripts, which were scarcely detectable under NaCl-free conditions, were clearly seen 1n 40 mM NaCl. In 80 mM NaCl they could be observed as distinct transcripts, as indicated by arrows. We focused our attention on these two RNA transcripts, which were specifically derived from the pMTal plasmid at high NaCl concentration, and we named the large transcript RNA 1 and the small one RNA 2. Using HaeDI-digested i> x 174 DNA as a size marker, we estimated the sizes of RNA 1 and RNA 2 as 120 nucleotides and 60 nucleotides, respectively. A larger RNA transcript than RNA 1 appeared when pMTal was used (data not shown), but it disappeared rapidly during the Incubation.
For location of the template region for specific transcripts, one derivative of the recombinant plasmid, pMTah5, was constructed from pMTal ( (B) [a-32 P]UTP-labelled products were synthesized in vitro with the following templates in the presence of 80 mM NaCl and analysed as described in Fig. 4A. a, pMTah5 ; b, pMTal; c, pf-ITcl; d, pBR322; e, ^P-labelled Haem digest of t> x 174 DNA as a size marker.
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[ P]-labelled RNA 1 or RNA 2 product as a probe. To determine the directions of transcription, the heavy and light strands of the 6.3 kb EcoA fragment were separated by alkaline CsCl equilibrium density gradient centrifugation, and then these separated DNA strands were subjected to agarose gel electrophoresis and transfered to a nitrocellulose sheet. To locate the template region, we When we used the recombinant plasmid containing the D-loop region of rat mtDNA as a transcription template, two RNA synthesizing activities were found 1n the extract of rat mitochondria. These two RNA polymerase activities differed in template specificity. The peak II RNA polymerase was specific for supercoiled pMTal or pMTah5 DNA containing the region of initiation of replication. The template specificity of the peak I RNA polymerase has not been extensively studied yet, but 1t 1s clearly distinct from that of the peak II RNA polymerase, since only the former showed activity with the native plasmid DNA. Furthermore, the peak I and peak II RNA polymerases differed in enzymatic properties. The peak I RNA polymerase was highly sensitive to NaCl and gave a hyperbolic curve of enzyme activity against the concentration of template DNA, whereas the peak II RNA polymerase showed optimal NaCl and template DNA concentrations.
The peak I RNA polymerase resembles a mitochondrial RNA polymerase Isolated from Xenopus laevis (16) in its sensitivity to salt and the dependency on template DNA concentration. Although we have not yet examined the characters of peak I and peak II RNA polymerases further, we think that peak I RNA polymerase responsible for the major transcription of mtDNA. Whereas peak II RNA polymerase may be specific for the region of replication origin of mtDNA 1nthe supercoiled form.
The major products of in vitro transcription by peak II RNA polymerase in the presence of 80 mM NaCl were analysed. The products of both RNA 1 and RNA 2 were found to be light-strand transcripts of the Alu b fragment of Hpa5 in the replication origin. This Alu b fragment of Hpa5 is known to contain the 5'-Phe end portion of the gene for tRNA on the heavy strand and its 5'-end upstream sequence. But no significant product of this complemental heavy strand has been identified. These transcripts appear to be too short to code for any enzyme protein. One intriguing possibility is that this transcription plays an important role in the initiation of primer RNA synthesis for heavy-strand replication. Judging from the present data, the template region overlaps the potential initiation region for the heavy-strand transcription, and therefore it is possible that the light-strand transcription somehow regulates the initiation of heavy-strand transcription, or vice versa. In the present experiments a larger transcript than RNA 1 appeared in the early stage of in vitro transcription using pMTal or pMTah5 plasmid as a template; it seemed to be processed rapidly to smaller fragments containing RNA 1 and RNA 2 during incubation. Therefore, the present data are consistent with the idea that this precursor RNA somehow functions as an initiator RNA in heavy-strand DNA replication. This possibility has not yet been directly examined, but this specific transcription could be due to recognition of a certain highly ordered structure on the template region by peak II RNA polymerase. The exact role of this transcription will be clarified by studies on the replication origin region. The specific RNA polymerase 1n mitochondria will help in investigations on the complex functional roles of the region of replication origin of mtDNA.
